Recent experimental observations of Weyl fermions in materials opens a new frontier of condensed matter physics. Based on first-principles calculations, we here discover Weyl fermions in a two-dimensional layered electride material Y 2 C. We find that the Y 4d orbitals and the anionic s-like orbital confined in the interstitial spaces between [Y 2 C] 2+ cationic layers are hybridized to give rise to van Have singularities near the Fermi energy E F , which induce a ferromagnetic (FM) order via the Stoner-type instability. This FM phase with broken time-reversal symmetry hosts the rotation-symmetry protected Weyl nodal lines near E F , which are converted into the multiple pairs of Weyl nodes by including spin-orbit coupling (SOC). However, we reveal that, due to its small SOC effects, Y 2 C has a topologically nontrivial drumhead-like surface state near E F as well as a very small magnetic anisotropy energy with several µeV per unit cell, consistent with the observed surface state and paramagnetism at low temperatures below ∼2 K. Our findings propose that the Brillouin zone coordinates of Weyl fermions hidden in paramagnetic electride materials would fluctuate in momentum space with random orientations of the magnetization direction.
netic (NM) ground state [23] [24] [25] or predicted a ferromagnetic (FM) ground state with large magnetic anisotropy [22, 26] . Nevertheless, all theories [22] [23] [24] [25] [26] agree that there are highly localized charges or spins in the interstitial spaces between [Y 2 C] 2+ cationic layers [see Fig. 1(b) ]. In this Letter, based on first-principles calculations [27] , we report that Y 2 C behaves as paramagnetic with nearly degenerate FM Weyl semimetal states. By analyzing the electronic structures of few-layer and bulk Y 2 C, we find that the FM phase begins to be stabilized from bilayer Y 2 C via the Stonetype instability, indicating that the confined anionic electrons between the two [Y 2 C] 2+ cationic layers are associated with the appearance of FM spin ordering. For bulk Y 2 C, the hybridization of Y 4d orbitals and anionic s-like orbital produces small orbital angular momenta, which in turn contribute Typeset by REVT E X to a magnetic anisotropy energy (MAE) of several µeV per unit cell. This extremely small MAE invokes FM fluctuations which can provide an explanation for the experimental observation [18, 19, 21] of paramagnetism even at ∼2 K. Remarkably, the electronic structure of the FM phase shows the existence of the rotation-symmetry protected Weyl nodal lines near E F , which are converted into the multiple pairs of Weyl nodes by including spin-orbit coupling (SOC). In particular, we identify a drumhead-like surface state near E F , the dispersion of which is insensitive to the positions of Weyl nodes varying with respect to the magnetization direction. This topologically nontrivial surface state is corroborated by a previous angle-resolved photoemission spectroscopy (ARPES) measurement [17] . Thus, our findings not only solve the outstanding discrepancy between experiment and theory regarding the ground state of Y 2 C, but also illustrate the exploration of Weyl fermions whose Brillouin zone coordinates fluctuate in momentum space.
We begin by examining the relative stability of the FM and NM phases in few-layer Y 2 C with increasing the number N of layers. Figure 2 (a) shows the calculated energy difference ∆E FM−NM between the FM and NM phases as a function of N. We find that a monolayer (ML) Y 2 C (N = 1) has the NM ground state, while few-layer Y 2 C with N ≥ 2 have the FM one. It is noted that for N = 2, the FM ground state is more stable than the antiferromagnetic state by ∼0.5 meV per ML (see Fig. S1 of the Supplemental Material [33] ). In Fig.  2(a) , the calculated magnetic moment m of the FM phase is also displayed with respect to N. It is seen that m increases monotonously with increasing N, being saturated to be 0.383 µ B /ML at bulk Y 2 C. To explore the underlying mechanism of the FM order, we calculate the band structure and the density of states (DOS) for the NM phase of bilayer (N = 2) and bulk Y 2 C. For N = 2, the calculated band structures exhibit the electron (hole) pocket around the F (K) point near E F [see , where each Weyl node at a point k is paired with the other Weyl node of opposite chirality at −k [35, 36] . Note that the twofold degeneracy of such 2D Weyl nodes (located along the k y direction) is protected by C 2y rotation [36] : i.e., two crossing bands have opposite eigenvalues ±1 of C 2y . In order to verify these Weyl nodes, we calculate the Berry curvature around the band touching points by using the WannierTools package [37] . Here, the Wannier bands are in good agreement with the first-principles bands (see Fig. S4 of the Supplemental Material [33] ). It is found that each pair of Weyl nodes have the positive and negative Berry curvature distributions [see Fig. 2(f) ], which can be regarded as the source and sink of Berry curvature in momentum space, respectively.
It is interesting to examine how the Weyl nodes in bilayer Y 2 C evolve as such 2D Weyl semimetal is stacked into bulk Y 2 C. Figure 3(a) shows the band structure for the FM phase of bulk Y 2 C. Similar to bilayer Y 2 C, there are two spinful Weyl nodes along the LA line (parallel to FK in 2D BZ), which in turn form closed nodal loops around the L points [see Fig.  3(b) ]. The presence of such nodal loops with large deformation along the k z direction implies strong interlayer couplings between cationic layers through anionic electrons, contrasting with small deformed nodal lines reported in layered materials with weak van der Waals interlayer couplings [38] . Since the crystalline symmetries of bulk Y 2 C belong to the space group R3m (No. 225) with the point group D 3d , there are three separate Weyl nodal lines (WNLs) for each spin channel. Here, the twofold degeneracy of WNL (located along the k x direction) is protected by C 2y rotation, similar to the case of Weyl nodes in bilayer Y 2 C. To confirm such symmetry protection of WNLs, we introduce various perturbations of the Y atoms which break or preserve three nonequivalent C 2 rotation symmetries. Our calculated band structures show a gap opening of the WNLs (see Fig. S5 of the Supplemental Material [33] ) only for the symmetry-broken geometries, confirming that the gapless WNLs are protected by the C 2 symmetries. We further demonstrate the topological characterization of the WNLs by calculating the topological index [39] , defined as ζ 1 = 1 π c dk·A(k), along a closed loop encircling any of the WNLs. Here, A(k) = −i<u k |∂ k |u k > is the Berry connection of the related Bloch bands. We obtain ζ 1 = ±1 for the WNLs, indicating that they are stable against symmetry conserving perturbations.
So far, we have considered the band structures in the absence of spin-orbit coupling (SOC), where two spin channels in the FM phase are decoupled from each other because of the independence of the spin and orbital degrees of freedom. However, the inclusion of SOC lifts the degeneracy at the band-crossing points along the LA line, as shown in Fig. 3(c) . Each spin-up (spin-down) WNL in Fig. 3(b) becomes gapped with the exception of three (five) pairs of Weyl nodes [see Fig.  3(d) ]. The positions of Weyl nodes in momentum space are given in Table SI of the Supplemental Material [33] , together with their energies. Here, the spontaneous magnetization direction is calculated to be along the z axis, consistent with the experimental measurement of anisotropic magnetic properties [22] . The corresponding magnetic point group is C 3i containing I, C 3z about the z axis, as well as the product C 2y T of rotation C 2y and time reversal T . Therefore, the WNLs pro- tected by three nonequivalent C 2 symmetries are not allowed anymore, leading to the opening of SOC gaps depending on unquenched orbital magnetic moments [see Fig. 3(c) ]. As shown in Fig. 3(d) , each pair of Weyl nodes related by inversion I has its counterpart through C 2y T symmetry: e.g., (W Fig. 4(b) . We determine the chirality of each Weyl node by integrating the Berry curvature through a closed 2D manifold enclosing the node. The computed chirality (i.e., the Chern number) is C = +1 and −1 for W + 1 and W − 1 , respectively. Since the hallmark of Weyl nodes is the existence of topologically protected surface states, we calculate the surface electronic structure of Y 2 C using the Green's function method based on the tightbinding Hamiltonian with maximally localized Wannier functions [37, 40] . Figure 4(c) shows the projected surface spectrum on the (111) surface of Y 2 C. Obviously, we find a topological surface state connecting two Weyl nodes W In Fig. 4(f) , the ARPES data [17] exhibits a strong intensity around the F point between the partially occupied and fully occupied bands near E F . Recently, Huang et al. [25] interpreted such observed in-gap states in terms of a topological surface state [see Fig. 4(d) ] originating from the topological property of Z 2 invariant in bulk Y 2 C, which was derived from the assumption of the NM ground state. However, as shown in Fig. 4(d) , the dispersion of the surface state is concave downward around the F point, contrasting with the measured concave-upward dispersion in the ARPES data [see Fig. 4(f) ]. It is remarkable that the present FM topological surface state connecting W In order to explain why experiments have not observed ferromagnetism even at low temperatures below ∼2 K [18, 19, 21] , we calculate the MAE for bulk Y 2 C. We find that the magnetic configuration with the magnetization direction along the z axis is more favorable than that along the x axis by ∼8 µeV per unit cell. It is noted that other magnetic configurations with different magnetization directions parallel to the x-y plane are nearly degenerate. This extremely small MAE reflects a very weak SOC in bulk Y 2 C, consistent with the experimental observation of no obvious magnetic anisotropy [19, 21] . Indeed, the magnitudes of orbital magnetic moments are calculated to be two orders smaller than those of spin moments (see Table SII of the Supplemetal Material [33] ). The resulting tiny magnetic anisotropy provides an explanation for the experimentally observed paramagnetism at low temperatures below ∼2 K [18, 19, 21] . It is noteworthy that, although the positions of Weyl nodes change depending on the magnetization direction, the drumhead-like surface state around the F point remains intact (see Fig. S7 of the Supplemental Material [33] ). Thus, we can say that the dispersion of the paramagnetic surface state [see Fig. 4(f) ], measured by a previous ARPES experiment [17] , nearly coincides with that of the topologically nontrivial drumhead surface state generated from the WNL semimetal state.
To conclude, based on first-principles calculations, we have predicted new FM Weyl semimetal states in a 2D layered electride material Y 2 C. By a systematic study of the electronic structures of few-layer and bulk Y 2 C, we identified that the hybridization of the Y d orbitals and the anionic s-like orbital confined between the two [Y 2 C] 2+ cationic layers comprises the vHs near E F , therefore inducing an FM spin ordering to produce a Weyl semimetal. In particular, it is revealed that, due to its small SOC effects, Y 2 C has not only a drumheadlike surface state near E F characterizing WNL semimetal but also a very weak magnetic anisotropy to invoke FM fluctuations, providing an explanation for the observed surface state and paramagnetism at ∼2 K. The present exploration of Weyl fermions hidden in an apparent paramagnetic electride Y 2 C manifests the intriguing combination of topology and electride materials. By applying an external magnetic field which can easily switch the magnetization direction of Y 2 C, it is possible not only to realize the emergence of FM Weyl semimetal states but also to tune the positions of Weyl nodes. Surprisingly, since the lanthanide carbides such as Gd 2 3. Band projections onto the Y, C, and X orbitals. . Here, the magnetic space group is reduced to C 2h containing inversion symmetry I and two-fold rotation symmetry C 2y . Although the positions of Weyls nodes change depending on the magnetization direction, the drumhead surface state around the F point remains intact. Table SII . Calculated (a) spin and (b) orbital magnetic moments of bulk Y 2 C with the inclusion of SOC. Here, the magnetization direction is along the z axis. The magnitudes of orbital magnetic moments are found to be two orders smaller than those of spin magnetic moments. 
